Self-reported condom use is a commonly collected statistic, yet its use in research studies may be inaccurate. We evaluated this statistic among women in HIV-discordant couples enrolled in a clinical trial in Nairobi, Kenya. Vaginal swabs were acquired from 125 women and tested for prostate-specific antigen (PSA), a biomarker for semen exposure, using an enzyme-linked immunosorbent assay. Ten (10%) of 98 women who reported 100% use of condoms in the previous month tested PSA positive. In a bivariate logistic regression analysis, among women who reported 100% condom use in the previous month, those with 8 years of school had significantly higher odds of testing PSA-positive (odds ratio [OR] ¼ 8.39, 95% confidence interval [CI] 1.02-69.13) than women with more schooling. Our estimate may be conservative, as the ability to detect PSA may be limited to 24-48 hours after exposure. Less educated women may be a target group for counselling regarding reporting sexual behaviour in clinical trials.
INTRODUCTION
Self-reported condom use is a commonly collected statistic in research studies. It is especially pertinent in analyses of behaviour and sexually transmitted infections. However, selfreported sexual behaviour validity is often questioned due to the influence of social desirability. 1 -4 This is especially a concern in research studies that include intensive behavioural risk reduction counselling.
Prostate-specific antigen (PSA) is the most commonly used biological marker for semen exposure, 5 and has been tested in vaginal samples with enzyme immunoassays for forensic medicine and to determine condom efficacy. 6 The PSA immunoassay has high specificity, ranging from 91% to 99%; its sensitivity wanes rapidly due to clearance after exposure. 7 The majority of new HIV infections in Sub-Saharan Africa occur among stable HIV-discordant heterosexual couples, in which one partner is HIV-positive and the other is HIV-negative. 8 -10 For this reason, HIV-discordant couples have recently been a focus of HIV prevention efforts. Previous studies in HIV-discordant couple and female sex worker cohorts have shown that self-reported condom use is overreported. 11 -16 However, no studies have looked at covariates associated with reporting consistent condom use yet testing positive for semen biomarkers in an HIV-discordant couple cohort. This research aimed to evaluate the collected statistic of self-reported condom use among women in heterosexual HIV-discordant couples in Nairobi, Kenya. We compared sociodemographic, behavioural and clinical factors among women reporting 100% condom use with positive PSA to those with negative PSA results.
METHODS

Study design
This study recruited and consented women between January and December 2010 at the enrolment visit of the Partners Pre-Exposure Prophylaxis (PrEP) Study at Kenyatta National Hospital in Nairobi, Kenya. The Partners PrEP Study is a phase III, multisite, randomized, double-blind, placebocontrolled trial of the parallel comparison of daily oral tenofovir disoproxil fumarate or emtricitabine/tenofovir disoproxil fumarate PrEP for prevention of HIV acquisition within HIV-discordant couples, whose recruitment has been described elsewhere. 17 study assays including PSA testing. A trained clinician or nurse counsellor inserted a cotton swab 2 cm into the participant's vagina and rolled it along the vaginal circumference for at least 15 seconds, removed it, and inserted into a conical tube containing 3 mL phosphate-buffered saline (PBS). We eluted vaginal material from swabs by vortexing the tube and pressing the swab against the tube. The tube was then centrifuged at 1200 rpm for 10 minutes at 48C. The supernatant was aliquoted into a 2 mL cryovial and store at 2208C until testing for PSA.
Vaginal swab elutant supernatants were tested for PSA using an enzyme-linked immunosorbent assay (ELISA) assay (Pishtaz Teb Diagnostics, Tehran, Iran) according to manufacturer's instructions. PSA concentrations above 1 ng/mL were considered positive. 6, 7 Sociodemographic, clinical and behavioural data were extracted from a database of information gathered from structured questionnaires administered at PrEP enrolment. 17 This was done by linking data to each participant using a unique identifying study number. The behavioural data section collected information on the number of times participants had sexual intercourse in the previous one month, and how many times they used a condom.
Data analysis
We calculated the proportion of women who tested positive for PSA despite reporting 100% condom use in the last one month. A chi-squared test for significance was used to compare PSA results in women who reported 100% condom use and women who did not. Among women who reported 100% condom use, bivariate logistic regression was used to compare characteristics between women with a positive PSA and those with a negative PSA. Factors that were evaluated as potential correlates of a positive PSA included: HIV status, recent vaginal washing, age, completed years of school, income and number of children in the household. Stata version 11.1 was used for all analyses (StatCorp, College Station, TX, USA).
Ethics statement
Ethical approval was obtained from the Kenyatta National Hospital/University of Nairobi Ethics Review Committee and the University of Washington Human Subjects Division. Written informed consent was obtained from study participants before enrolment.
RESULTS
A total of 125 women were recruited and enrolled from the PrEP HIV-discordant couple cohort, and 91 (77%) of these women were HIV-positive. The median age was 29 years (interquartile range [IQR] 24-34), and median number of school years completed was 8 (IQR [8] [9] [10] [11] [12] . Marriage to study partner was reported by 119 (98.3%) women and participants had a median of one child (IQR 0-2) with their current partner. At least one sex act was reported in the last one month by 118 (94.4%) participants and there was a median of four sex acts reported in the last one month (Table 1) .
Of the 125 women enrolled, 124 were tested for PSA. One test sample was not completed due to collection of insufficient sample volume. Ninety-eight (83.7%) of those 124 women reported using condoms for every sex act in the last one month, and these women were included in the logistic regression analysis ( Figure 1 ).
Overall, 13 (10.5%) out of 124 women tested positive for PSA. Ten (10.1%) of the 98 women who reported 100% condom use tested positive for PSA and three (15.8%) of the 19 women who reported less than 100% condom use tested positive for PSA. A x 2 test for independence showed no significant association between reporting 100% condom use and a positive PSA test (P ¼ 0.48). Zero of the seven women who reported no sexual activity in the last one month tested positive for PSA ( Table 2) .
We focused the covariate analyses on the group of women who reported 100% condom use in the previous one month to determine if there were any differences between women who tested positive for PSA and those who tested negative for PSA. Women who completed eight or fewer years of school were 8.36 times more likely to have a positive PSA test (odds ratio [OR] ¼ 8.36; 95% confidence interval [CI], 1.02 -69.13; P ¼ 0.048) compared with women who completed more than eight years of school, among those who reported 100% condom use in the previous one month. Women who tested PSA positive did not statistically significantly differ in HIV status, age, number of children, income or vaginal washing compared with those who tested PSA-negative (Table 3 ).
DISCUSSION
We found that 10% of the women in this HIV-discordant couples study who reported condom use during every sexual act in the previous one month had exposure to semen. Previous studies have shown 12.9 -39% of women had biological measurements that suggested exposure to semen despite their reporting of consistent condom use, though the population, HIV status and collected behaviour times vary. 11 -16 Our estimates are lower than in other groups that are at high risk for HIV, such as female sex workers in Guinea (35.7%), 11 Madagascar (39%) 13 and Kenya (12.9%). 14 They are also lower than estimates from a study that enrolled women in HIV-discordant couples who attended a voluntary HIV counselling and treatment clinic in Zambia (15.1%) 12 and reported consistent condom use in the last three months. In comparison to other cohorts, our estimate of exposure to semen despite reporting condom use during every sex act may be lower for a number of reasons. Our study looked at HIV-discordant couples who were involved in intensive couples counselling, which may have resulted in a lower reporting bias than in female sex worker or other treatment clinic couple cohorts. Alternatively, couples who are highly motivated to comply with condom use may have less exposure to semen in comparison with female sex workers who do not have as much choice in condom use. Finally, the number of sex acts may be lower in couples compared with sex workers, thus lowering the potential for exposure to semen. To our knowledge, this was the first study to look at correlates of association between the presence of PSA and reporting consistent condom use in women in HIV-discordant couples. Having fewer than eight years of schooling, equivalent to primary school education, was a risk factor for PSA presence. It has been established that social desirability may bias reporting of behaviour, 1 -4 however it is still unclear how to reduce this bias. Development of counselling specific to women with less education may be an approach to reduce the bias regarding the reporting of sexual behaviour in clinical trials, especially if these women are more susceptible to it. Use of PSA testing could be utilized to evaluate validity of self-reported condom use in studies assessing educationspecific counselling.
While this study benefited from being nested within a much larger study that provided a high level of quality assurance, it does have limitations. It is likely that our estimate of over-reported condom use is a conservative one. We collected data on sexual behaviour from the month prior to enrolment. Depending on the exposure level, ability to detect PSA may be limited 24-48 hours after exposure, as PSA is rapidly cleared from the vagina. This phenomenon is not unique to PSA, and is comparable to other biomarkers. 5 However, use of PSA has many advantages. Levels of PSA are very low in vaginal secretions, typically below 0.1 ng/mL 6 . The cut-off point of 1 ng/mL used in our analysis is above this typical level, and is lower than other cut-off values which limit sensitivity to detect PSA. 6, 7 The PSA immunoassay has high specificity up to 48 hours after exposure, ranging from 97% to 99%, 7 so detection of PSA in vaginal secretion yields few false-positives. It is also widely used, extensively characterized and is commercially available. Though PSA is not normally found in high concentration in vaginal secretions, 5 -7 presence of PSA could also be due to condom breakage, slippage or other types of failure. Finally, we were limited in our analysis due to the small number of women who tested PSA-positive. Given that only 10 women tested PSA-positive, we had relatively limited power to detect associations. Furthermore, bivariate logistic regression was the most appropriate test for this small sample size, as there were not enough pairwise comparisons to merit multivariate logistic regression. Thus, we were unable to control for potential confounding factors.
In summary, we found an over-reporting of condom use behaviour from women in HIV-discordant couples who were intensely counselled on HIV prevention behaviour, and identified low education as an important predictor of PSA presence. The accuracy of studies in high-risk cohorts is dependent on self-reported data, which are often biased. Targeted efforts to increase validity of self-report for women with low education, and integrated biological specimen testing for semen are encouraged for future studies within HIV-discordant couples when accurate reporting of condom use is desirable.
